Background/Objective: Although cabbage and its sulforaphane (Sul) contents have chemo-preventive effect against cancer, little attention was given to their mechanism of action. Therefore, this study was conducted to investigate the effect of Sulforaphane (Sul) on Ehrlich's solid tumor in mice. Methods: Mice were randomly divided into the following six groups (15 mice each): the normal control group (Nor), the Ehrlich group (E), the Sul-treated groups on day 0 [E + Sul (0)] and on day 7 [E + Sul (7)] orally received Sul (50 mg/kg), methotrexate (MTX)-treated groups on day 0 [E + MTX (0)] and day 7 [E + MTX (70)] injected intraperitoneally by MTX (1.25 mg/kg), on day 0 and day 7 of Ehrlich tumor cells implantation. Results: Our results revealed antitumor effect for Sul via, at least in part, induction of apoptosis (revealed by increased DNA fragmentation and decreased expression of the apoptotic modulator plectin) and reduction of oxidative stress (indicated by low level of lipid peroxidation marker, Malondialdehyde, and high level of total antioxidant capacity in tumor tissue). Administration of Sul at day 0 of Ehrlich xenografts gave better results than when giving 7 days postxenografting, but both effects were weaker than that of the standard anticancer drug, MTX. Conclusion: This may be the first study to report that Sul antitumor effect is associated with downregulation of the apoptosis regulatory protein, plectin. The results of this study suggest that Sul could be used as an adjuvant to anticancer drug or as a chemopreventive agent against cancer.
INTRODUCTION
Cancer is the second leading cause of death worldwide (Klaunig et al., 2011; Lima et al., 2016) . Throughout our life, we are often exposed to wide range of carcinogenic agents; which may be endogenous (immunologic disturbances genetics, endocrine imbalance) or exogenous factors (physical, environment, chemical or biologic agents, nutrition, and lifestyle) (Béliveau and Gingras, 2007) .
The use of natural or synthetic compounds (i.e., chemopreventive agents) for the prevention of cancer has been described (Abdelwahab et al., 2018; Azaam et al., 2018; Cheung and Kong, 2010; Elgazar et al., 2018) . Cruciferous vegetables are one such family containing chemo-protective substances. Previous studies suggest that intake of cruciferous vegetable reduces overall cancer risk, especially during the early stages and increasing its intake provides protection at all stages of carcinogenesis (Clarke et al., 2008; Joseph et al., 2004) . Cabbage (Brassica oleracea) is one of the cruciferous vegetable families (Rokayya et al., 2013) . In addition to using it as a food, cabbage was used for medicinal purposes in headaches, gout, diarrhea, and peptic ulcers treatment (Singh et al., 2006) . Many research studies have focused on the beneficial effects of cabbage phytochemicals, especially its indole-3-carbinole (I3C), sulforaphane (Sul), and indoles (Brooks et al., 2001) . Cabbage content of Sulforaphane (Sul) ranged around 7.58 µg/g DW and its ideal dose is 0.1-0.5 mg/kg in mice (Campas-Baypoli et al., 2009) . Sul can act via several mechanisms that suppress cancer progression.
It plays an important role against oxidative stress (Rokayya et al., 2013; Singh et al., 2006) , it inhibits histone deacetylases (HDACs) (Kim et al., 2016) , it also has a role in the induction of apoptosis and cell cycle arrest (Wang et al., 2014) , and it influences transcriptional factors and cellular signaling (Bhamre et al., 2009) .
Ehrlich solid tumor was chosen as the experimental model of carcinogenesis. It is a neoplasm of epithelial origin, corresponding to murine mammary adenocarcinoma. This tumor is easily cultivated and transferred in vivo and can be used to study the mechanisms of carcinogenesis and evaluate the effect of new therapeutic approaches for tumors Khamis et al., 2018; Verçosa Junior et al., 2007) .
Plectin is one of the largest polypeptides known, it is about 4,684 amino acids and ≥500 kDa (Liu et al., 1998) . It is the most versatile cytoskeletal linker protein known (Wiche, 1998) . Its major function is the maintenance of cytoarchitecture (Sonnenberg and Liem, 2007) as it plays a vital role in the organization of cytoskeleton network, viscoelastic properties, and mechanical integrity of the cytoplasm and the cells and tissues resistance (Wiche, 1998) . Plectin, as a substrate of the apoptotic marker caspase 8, is needed for the reorganization of the microfilament system during apoptosis (Beil et al., 2002) and so it can act as an apoptotic modulator.
Much attention was given to chemo-preventive mechanisms of broccoli and its Sul contents, while cabbage, another Brassicaceae member which also has considerable content of Sul and other beneficial phytochemicals, received little attention in terms of its chemo-preventive mechanisms. Therefore, this study was conducted to investigate the effect of Sul on Ehrlich's solid tumor with special focus on the role of plectin protein.
MATERIALS AND METHODS

Reagents and extraction of Sul
Methotrexate (MTX) was purchased from Sanofi (Cairo, Egypt). Malondialdehyde (MDA) and total antioxidant capacity (TAC) kits of the biochemical assays were purchased from BioDiagnostic Medical Company (Egypt). Sul was extracted and its concentration was determined as previously described (El-Keey et al., 2017) . Briefly, air-dried plant material was ground and the obtained powder (0.5 g) was hydrolyzed in 7 ml HCl pH 3.0 at 37°C for 12 hours and then the supernatant was extracted with 5 ml dichloromethane trice. After salting with sodium sulphate anhydrous and dehydration by a rotary evaporator at 30°C, the obtained fraction was dissolved in 2 ml of 20% v/v acetonitrile and injected to 10 cm × 2.5 cm silica solid-phase extraction column. Following washing with ethyl acetate, the sulforaphane was eluted by dichloromethane and its concentration was measured by spectrophotometer at 240 nm maximum wavelength (λ max ) and 950 M −1 cm −1 molar attenuation coefficient (ε). Sul was detected by GC-MS using Perkin Elmer Clarus 580 Gas chromatograph, followed by checking the mass spectrum of the extracted sulforaphane in MAINLIB library.
Xenograft tumor model (solid Ehrlich carcinoma)
A model of solid Ehrlich carcinoma (SEC) was developed, where a total number of 2 × 10 6 Ehrlich carcinoma cells obtained from the Pharmacology and Experimental Oncology Unit of the National Cancer Institute (NCI, Cairo University, Egypt) were subcutaneously implanted into the right thigh of the hind limb of mice. A palpable solid tumor mass (about 100 mm 3 ) developed within 12 days.
Animals & experimental design
Female Swiss albino mice (n = 90, age 37 ± 1.25 day, weighing about 20-25 g) were housed in wire mesh cages and were fed standard mice diet and allowed free access to water. They were kept under the following environmental conditions [temperature (24 ± 2°C), relative humidity (55% ± 3%), and light (12 hours light/dark cycles)] and a 7 days adaptation period was permitted before beginning the experiment. All experiments were carried out according to the guidelines of the ethical committee of Kafrelshiekh University, Faculty of Veterinary Medicine.
Mice were randomly divided into the following groups (15 mice each):
-The normal control group (Nor) included untreated mice. -Ehrlich group (E) included mice subcutaneously implanted by Ehrlich tumor cells. -The Sul-treated group on day 0 [E + Sul (0)] contained mice received 1.5 mg Sul dissolved in 25 µl saline (50 mg/kg) orally by stomach gavage once daily on day 0 after subcutaneous implantation of Ehrlich tumor cells and continued for 1 month. -Sul-treated group on day 7 [E + Sul (7)] was similar to group V but Sul was given 7 days after subcutaneous implantation of Ehrlich tumor cells. -MTX-treated group on day 0 [E + MTX (0)] contained mice injected intraperitoneally by MTX (1.25 mg/kg, every 48 hours for 2 weeks) and subcutaneously by Ehrlich tumor cells on the same day. -MTX-treated group on day 7 [E + MTX (70)] was similar to group III but MTX was administered 7 days after subcutaneous implantation of Ehrlich tumor cells.
Sampling
At the end of the experiment, the animals were sacrificed under a slight ether anesthesia by cervical dislocation and blood samples were taken into a dry sterile centrifuge tube allowed to clot at room temperature for 30 minutes, and then centrifuged for 10 minutes at 5,000 rpm. Sera were separated and stored in aliquots at −80°C until used. Tumors were carefully dissected excluding any muscular tissue, then they were weighed, dimensions measured and washed three times with cold-ice PBS and chilled on ice. Each tumor was divided into three pieces and stored at −80°C until further use.
DNA fragmentation
The genomic DNA was extracted from normal muscle and tumor tissue samples using Gene JET genomic DNA extraction kit following the manufacturer's protocol (Fermentas, #K0721, European Union). Followed by, agarose gel electrophoresis (2%) to detect DNA fragmentation. The fragment patterns (ladder, smear, or intact) were visualized on the UV Trans-illuminator and photographed by gel documentation system (UVDI Major Science, USA). All samples were processed at once, to avoid differences due to the extraction process itself.
Determination of total antioxidant capacity
This was done using total antioxidant capacity colorimetric assay kit supplied by Bio-Diagnostic, Egypt. Normal muscle and tumor tissue samples were soaked in PBS (pH 7.4) containing 0.16 mg/ml heparin to remove any red blood cells and clots, then it was homogenized in 5 ml cold buffer (50 mM potassium phosphate, pH 7.5). The homogenate was then centrifuged at 4,000 rpm for 15 minutes, and the supernatant was carefully collected. For the blank test, the sample was replaced with distilled water. Total antioxidant concentration (nmol/g tissues) was calculated as follows: (sample absorbance -blank absorbance) × 3.33 (as per kit recommendations).
Determination of lipid peroxidation marker, malondialdehyde
Normal muscle and tumor tissue samples were processed as in the previous step, and MDA levels were detected by using lipid peroxidation colorimetric assay kit supplied by Bio-Diagnostic, Egypt and as previously described . The absorbance of the sample was read against a blank (distilled water) and against + the standard (provided in the kit) at 534 nm wavelength. Calculations were set as per kit recommendations:
MDA in Tissue = (A sample/A standard) × (10/g. tissue used) = nmol/g tissue
Western blotting
Assessment of plectin protein (as an apoptotic marker) was evaluated by western blot as previously described . In brief, the normal muscle and tumor tissue samples were homogenized in RIPA lysis buffer with Complete™, Mini Protease Inhibitor Cocktail (Roche, USA), and then cell lysates were centrifuged at 15,000 rpm/20 minutes/4°C. The supernatants were collected carefully to new tubes on ice. Total protein contents were determined by using the Folin Lowry method followed by protein separation by 12% SDS-PAGE and transfer to nitrocellulose membrane (Millipore, Bedford, USA). After washing and blocking with 3% skimmed milk powder in TBS-T (TBS + 0.1% Tween-20), the membranes were incubated with primary antibodies; anti-plectin antibody (1:500, Abcam, Cat. no. ab83497) overnight with gentle rocker-shaking followed by washing and incubation with the secondary antibody (1:5,000 in blocking solution, rabbit anti-Mouse IgG HRP-conjugated, Abcam, # ab6728) for 1 hour at room temperature. Protein bands were visualized using TMB solution at room temperature for 15 minutes, or until protein bands became clearly visible. The densitometry analysis of protein bands was carried out using Image J software, and the density of each band was normalized to that of β-actin (1:500, Abcam, Cat. no. ab8226).
Statistical analysis
All the data were expressed as a mean ± standard error of mean (SEM). The statistical significance was evaluated by oneway analysis of variance using SPSS, 18.0 software (SPSS Corp, Chicago, IL), and individual comparisons were done by Duncan's multiple range test. Values were considered statistically significant when p < 0.05.
RESULTS
Effect of Sul on DNA fragmentation
DNA isolated from normal control muscle tissue and Ehrlich solid tumor showed intact (non-degraded) bands near gel wells. In contrast, a variable degree of DNA fragmentation, revealed by DNA laddering and smearing, was noticed after administration of Sul or MTX. The most severe pattern of DNA fragmentation was observed in mice treated with MTX at day 0, then Sul at day 0 followed by MTX at day 7 and finally Sul at day 7 groups (Fig. 1) .
Effect of Sul on lipid peroxidation (malondialdehyde)
Highest significant level of MDA was observed in the tumor of Ehrlich group as compared to normal control group and other treated groups. The elevated MDA levels were significantly decreased following administration of Sul at day 0 and day 7, with lowest level at day 0 (Fig. 2) . On the other hand, Ehrlich group treated with MTX at day 0 and day 7 exhibited the lowest MDA levels and was not statistically different from the normal control group. Moreover, Ehrlich group treated with Sul at day 0 and MTX at day 7 did not show a significant difference in MDA levels.
Effect of Sul on total antioxidant capacity
Highest significant TAC levels were obtained in the normal control group, followed by Ehrlich group treated with MTX at day 0, MTX at day 7, and Sul at day 0 then at day 7 (Fig. 2) . On the other hand, Ehrlich group treated with Sul at day 0 or MTX at day 7 did not show any significant differences in TAC. The Ehrlich non-treated group showed the lowest TAC as compared to all other groups.
Effect of Sul on plectin protein expression
The change in relative expression of plectin protein was detected in Ehrlich solid tumor dissected from leg muscles of mice using western blot technique (Fig. 3) . Expression of plectin protein was significantly increased in Ehrlich mice as compared to control and other treated mice. This elevated expression was significantly down-regulated following treatment with Sul at day 0 and day 7, with the best improvement obtained when Sul was given at day 0 of Ehrlich's injection. However, the declined plectin expression induced by Sul was still significantly below that of the standard anticancer drug MTX and the control (normal) mice. Additionally, the expression was significantly lower in MTX than in normal control mice. Interestingly, treatment at day 0 showed higher improvement than at day 7 in both Sul and MTX.
DISCUSSION
Several previous in vitro and in vivo studies denoted an antitumor effect for vegetables of Brassica genus of the Brassicaceae family, in particular, broccoli, cabbage, and cauliflower (Clarke et al., 2008; Joseph et al., 2004) . Cabbage anticancer activity was mainly owed to its contents of indole-3-carbinole (I3C), sulforaphane (Sul), and indoles phytochemicals (Brooks et al., 2001) . Sul is known to suppress cancer progression through induction of apoptosis (Wang et al., 2014) and oxidative stress (Saha et al., 2012) , however, the actual mechanism is still incompletely known. This prompts us to conduct this study to unveil how Sul exert its anticancer effect. Our results revealed anticancer effect for Sul via, at least in part, induction of apoptosis (as revealed by increased DNA fragmentation and decreased plectin protein expression) and reduction of oxidative stress (as indicated by the low level of MDA and the high level of TAC in tumor tissue). For the best of our knowledge, this may be the first study to report that Sul antitumor effect associated with downregulation of the apoptosis modulator protein, plectin.
The cancer cell maintains survival through inhibition of apoptosis and so an efficient anticancer drug/natural product should be a potent inducer to cancer cells apoptosis . The majority of previous studies have focused on the effect of Sul and other cabbage phytochemicals on the standard apoptotic pathways and showed activation of p53, p21, Bax, caspase 3, and downregulation of Bcl2 in a large variety of cancer cells (Bhamre et al., 2009; Devi and Thangam, 2012; Pappa et al., 2006; Wang et al., 2014) . However, none of these previous studies investigated Sul effect on the cytoskeletal linker protein plectin, which is essential for maintenance of cytoarchitecture (Sonnenberg and Liem, 2007) and reorganization of the microfilament system during apoptosis (Stegh et al., 2000) as it acts as a substrate to the apoptotic marker caspase 8 (Beil et al., 2002) . Subsequently, cancer cells will have an increased expression of this protein to keep themselves from cell death. Indeed, a previous report has found a significant upregulation for plectin in prostate cancer cell PC3-ML2 (Burch et al., 2013) . This previous study also found that reduced plectin expression can inhibit PC3-ML2 cells proliferation, migration, and invasion. In agreement, our results also showed a significant increase in plectin expression in Ehrlich solid tumor tissues and a notable reduction following treatment by Sul. This suggests that Sul may induce apoptosis in cancer cells through, at least in part, inhibition of plectin. So the question now is what is the actual role for plectin in apoptosis. Before answering this question, it is worth to know that apoptosis leads to disorganization and cleavage of cytoskeleton proteins (including myosin II, actin, intermediate filament, and microtubules) which subsequently cause morphological changes characteristic for apoptosis (Caulin et al., 1997) . Hence, early loss of plectin, the main cytolinker and activator to these cytoskeletal proteins, may allow initiation of apoptosis process. Indeed, plectin is a downstream target for caspase 8-dependent apoptotic pathway (Beil et al., 2002; Stegh et al., 2000) . Once this pathway activated by TNFR1, caspase 8 (in mitochondria) translocates to plectin (in cytoplasm) and cleaves it before any other cytoskeletal proteins (Stegh et al., 2000) . As plectin seems to be a specific caspase 8 substrate (Stegh et al., 2000) , it is likely that Sul may induce cancer cell death via activation of caspase 8 and its down-stream target plectin. Further molecular investigations are required to validate this possibility.
Another confirmation for induction of apoptosis in cancer cells was revealed by DNA fragmentation. Expectedly, Sul induced a notable DNA fragmentation in form of laddering which is specific for apoptosis rather than necrosis. A similar effect for Sul and other cabbage phytochemicals was reported on variable tumor types by other studies (Bhamre et al., 2009; Cheung and Kong, 2010; Devi and Thangam, 2012; Pappa et al., 2006) . However, this degradable effect on DNA may be independent on plectin, as DNA fragmentation was reported in plectin-deficient fibroblasts (Stegh et al., 2000) .
Although we did not perform cell migration assay, other studies reported a positive association between overexpression of plectin, and its downstream target integrin β4, and cell migration in prostate cancer cells (Burch et al., 2013; Yang et al., 2011) . This effect can be explained on the basis that plectin and integrin β4 are main components of the cell to cell junction complex (such as hemidesmosomes) that plays a crucial role in cell spreading (Watanabe and Akaike, 1999) . Taken together, targeting plectin may be a new strategy to induce apoptosis in cancer cells and to prevent their metastasis.
Another mechanism by which anticancer agents can kill cancer cells is the inhibition of oxidative stress. Cabbage phytochemicals suppress cancer progression via inhibition of oxidative stress in cancer cells (Rokayya et al., 2013; Singh et al., 2006) . In consistent with these findings, the results of the present study showed the ability of Sul to inhibit oxidative stress as evidenced by a significant decrease in the level of lipid peroxidation marker MDA and a significant increase in TAC in tumor tissues following administration of Sul.
Throughout this experiment, administration of Sul at day 0 of Ehrlich xenografts gave better results than when giving 7 days post-xenografting. This indicates the impact of Sul as a preventive, better than therapeutic, agent for Ehrlich solid tumor. On the other hand, the chemo-preventive and anticancer effect of Sul was weaker than that of the standard anticancer drug, MTX, indicating that Sul may be used as either chemo-preventive agent or as an adjuvant to another anticancer drug, rather than a sole treatment.
CONCLUSION
For the best of our knowledge, this may be the first study to report that Sul anticancer effect is associated with reduced expression of the apoptosis modulator protein, plectin. Moreover, this anticancer effect was also accompanied by notable DNA fragmentation and lower oxidative stress. The chemopreventive effect of Sul was better than the chemotherapeutic effect. Hence, Sul could be used as a chemopreventive agent and any of its phytochemical can be used as an adjuvant for chemotherapy. However further evaluations thorough clinical trials are needed to confirm whether treatment by Sul is clinically relevant in human. 
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